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Module No:
. ,

I44AGWS

Page 2 of

Module Ti :

Advanced 'Chemical Precipitaftion Softening

Approx. Time:

hours

Submodule Title:.

Topic:

Summa Y

ObjOctives: Upon completion of this module,1the participant will be
1. Describe the theory of _c emi cal precipitation softening,.

Deterdine t'he optimal operation of a chemical precipitation so
3. Describe' pludge diSposal- alternatives.

L.

able to:

tener..

Instructic{nal Aids:

1. Handout
2. Transparencies #1413

1

S

Instructional Approach:

Discussion and Clas s Problems

References:,

. ,

1.. Manual of Water'Utilit9 Operations, Texas Water Utility Assoc.
2. Water Supply & Treatment, National Lime Association.
3. Mathematical Approach to'Ionic Equilibrium, Butler.

Class Assignments:

c

1. The parti cipant will read Handout.

The participant will complete problems' /1.

5.
'
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Module No:

'II4AGWS

Topic:

Summary

Instructor:Note: Instrktor Outline:.
1

1. Distribute Handout . Discuss the theory, optimal operation and
sludgedisposal alternatives' for chemical.
preciOtatiOn softening.. *1

2. Present Transparencies 2. Give evalUation of 30 question's.
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Module No:

s

II4AGWS

Module Title:
e-,:"

Advanced Chemical Precipitation Softening

Approx.

(

1. hour_

Submodtkie- Title

Topic: 3

-

Introduction-

Ob'jectives:
Upon completion of this topic, ibe participaOt will be able to:

1.
)

Describe chemical, precipitation softener operation.'
2. Deicribe chemice4recipitation softener Maintenance.' 7
3, Describe Chemical precipitation softener analytical control.

Instructional Aids;
.

1. Handout-Introduction -'
2. Transparency 41 - Two Stage Softening
3. Transparence i2 - Split Treatment 5oftening
4. Transparency #3 --Single Stage Softening
5. Transparency #4 - Laboratory Control

Instructional Approach:

Discussion

f4.

*5'

4

O

References::
-

_ -- .
,

1. Manual of Water Utility Operations, Texas Watei,ptility Association.
2. Water Supply & Treatment, National Lime Association.

. . ..

Class Assignments:
. w3

'1 The participant will read Handout-Iptroduction-
.

1-.

7
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[Instructor Notes:

1. Prdse

4.

Page 5.. of

,

Topic:

Introduction

Instructor Outline:

ans-pa'rency #1'

2.. Present, Transparency #2

41j

3. Present Transparency #3.

4: °Present Transparency #4

Li

k

N.

e

1. Review the opdration of a two stage
softening plant,

2: Review the operation of a Wit treatment
softening plant: 4°

(
3. Reyiew,the operation Of a single stage

softening plant.

4. Review the laboratory control necessary ,

for the operation of a chemical precipi-
tdtion.softening plant. ..,

r

see

I

t't

-.;
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Approx, Time:

3 hours,

ModuWTitle:
,

1'

Advanced'Chemical Precipitation Softening
i

...`oi, .
odplejitle:/ -0

, . . . /...1.-,

T6pic;

Theory of Chemical' Precipitation Softening

-ObjectiCies:Upon completion, o thiktopic, the participant will be 41e to:

1. Describe the theory of Che precipitatiwsoftening.
2. Apply the theoryof chemic4 precipitation softening.
3.. Describe the theory of recbonation..
4. Apply the theory of kecarborton'to process operation

Instructional Aids:

Handout-Theory of Chemical Precipitation Softring.
2. Transparency #5- Equilibrium Equation
3., Transparency #6-Solubility Product
4. Transpalrency #7-Carbon Dioxide System

.

Instructiral Approach:

/

Discussiorli and class problem

References)

1. Manual of Water Utility Operatiolis, T xas Water Utility Association,
2: Water Supply & Treatment, National L me Association.
. Mathematical A roach to Ionic E Oi brim, Butler.

,

.0

lass Assignments:
-

1. 'The participant will read Handout-Theory of Chemkal Precipitation
Softening.

2. The participant will complete Problem #1 on chemical precipitation.

9
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Page 7 of

Module Np:

II46.WS Theory of Chemical Precipitation_ Softening

Instructor Notes: 0

L
1. Present Transparency#5

. Present Trarisparency 116

. present Transparency #7

Present Class Problem,
#1. Work with class
participation.

Instructor Qutline:

1. Discuss the equilibrium equation and its
general applications to water; treatment,
problems.

2. Discuss the appl 'cation of.the equilibrium
equation to the precipitation of ions in
water. Discuss in detail -how -the equilibrium
of a precipitation reaction can ,be shifted
increase or decrease the components of the
reaction.

3. Discuss the application of the equilibrium
equation to the 'carbon dioxide system,. Dis-
cuss in deta.il the various..componen't% of

the system and how RH affects the chemical
composition of the water.

4,'a 1. H413

= 1,0/100,000 = 1 x 10-4

°-11
-4

[1 2 x 1 1 1/2

1 x 10 .

3.5 x 10-4

= 3.46

pH = 14 - 3.46 = 10.54

3.. 1.03/ -.604°000 6A7 x 10-4 moles/liter,

r,1 8.7 x.,.10-9 -1 x TO-4 moles/lt
'6.67 x 10

[.Ca3= 52 mg/1 as Ca

or

LCa.1= 13 mg/1.as.CaCe3
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locitle No: Topic:
.,

Instructor Notes:

The.or:y of Chemical Precipitation Softening

Instructor Outline:

6.

4. [1-1C00
_41200000

4.48 x 10'73
.

(4.88)g4'10-3)(16)
1437,4

;, {o ]= (9.29 x 104)(44,000) = 40 mg/lam

9
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Module No: Module Title:"

A6an.ced Che*rii01 Precipitation Softening

Abprox.. Time:

4 hours

SubmodOe

Topic:

interpretation and Application of Lab atory Data. .

''Objectives:
Upon completion of this topic, the participant will be able to:

Interpret laboratory data to check compliance with design standards.
Interpre_f-laboratory:data to evaluate existing softeners.

. .

Interpret lab-oratory data to determine:optimal operation.

(\

Instructional4ids:
41,

1. Handout Interpretation of Laboratory'Data.
Transparency #84.ime'Anaysis

3. Transparency 'i#9 -Soda Ash Analysas

., Transparency #10-,Optimal Operation
"S.

Instru.ctional Approach::

Discussion ,

1 g

References:: .
,4

1. Manual 'of Water Utility'Operations, Teas Water Utility Association.
2...Water_Supply &sTreatment, National Lime Association.

.

Class Assignments:

1. The'participant will read Handout - 'Interpretation orLaboratgry Data.

J.2

4

I
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II4dWS

Topic:*

O

Page 10

Interpretation and Application of Laboratory Data

Instructor Notes: Instru94or Outline:

1. Pres.ent Transparency #8

2. Present Transparency #9

3, Present Transparency #1.0

I.

.1

r

13

1. Oisc4s the procedure for determining the
quality of lime. Discuss. this test in
relatiqn to normal stindard.for % CaO.

2. Discuss the procedure for determining
the quality of Sodp Discuss this
test in relation to normal standard for
% Na

2
CO

3'

3. Discuss how laboratory data can provide
the optimaloperation for a plant.

at
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Module Title:
AP

Advanced Chemical Precipitation Softening

'Submodule Title:

Topic:.

2 hours Sludge Disposal

Objectives: Upon completion ofthis topic, the participant
will be able to:

1. Desclffe various sludge disposal alternatives.
2. reescribe advantages and disadvantages for sludge disposal alternatives:.
3% Oiscribe basicoperation of sludge dispOsal alternatives.

Instructional Aids:

1. Handout Sludge Disposal,
2. Transparency #11 - Softening Sludge Characteristics
3. Tranparency #12 - Solids Disposal

Instructionaf Approach: - -

Discussion

ltefereace:
1. Wanual,of Water Utility Operations, Texas Water Utility Association.
2. 'Water-Supply & Treatment, National Lime. Association.
3. Mathematical Approach to Ionic EqUilbtium, Butler;

-)

Cl-ass AsSignments:

1. Theparticipant will read Handout-Sludge dispos'al

14.

0



Module No:

1.1dGWS 'Sludge Disposal

Instruttor Notes Instructor Outline :'

1

1,, Present Transparency #11

2. Present Transparency #12

z

.1. Discuss the haracterfsti of chemical
precipitation 'softening- sl ge. . Discuss

detail those properties. at make it
easy and difficult to deviate

2. Discuss each step ip the ss:Oli disposal-
system. Discuss places whene .Ich step

may be needed and where it ot,be
needed. Give general performance of
each step and what istryin to.;be

accomplished in each.

15 44

.1



I

rage lj or

Module No:
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1

Module Title:,

Advanced 4ical Precipitation Softeni ng

Submodule titfer .

.

,_

. .

Approx. Time:.

1 hour

Topic: , ,
y

.

Special Applications
.

,Objectives,: Upon completion ;of, this
_

itopt-1- the participant will be able to:
.

.

. 1. Describe hot lime softening. ,- ..- .
.

2. /Describg,basic operation of hot lime softening: .
,

( .

.

4.,
,

. 0
. ,

. .,

.
.

.

, -
. ' .

_

Instryctional Aids: .

.

0

.
a .

1. Handout-Special Appli9ations . c.
2. TransparencYjng- Hot Lime Softening r:

,
.

a 9 .. '

4'

.1 i,
, .

t
_

--4

Instructional Approach:
i.-

Discussion ,
-

(. _
_

.

.

.

.

.

, ,

. " . .

,

References: . , .

,

.

. ..,

1. Manual of Water Utility Operations, Texas Water Utility Association,
2. Water Supply & Treatment, National ime Association. _

J
.

Q .
.

.

.

,

,

.

Class Assignments:
,

.

1. The pakicipant.will rea Handout-Special Applications.

_

. .

. , 1 6 _
.

.

._:.7
. .

4
.... ,. ,

.

. .
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-, Page 14 of
4ociu1e.No: -ropic:

Special Applications
Instructor ,Notes:

1: _Present Ti-anspareiic"y #13

-

InstruCtor Outline:,

67-

1. Discuss the equipment used and the Operatioh
of a hot lime softerring plant. Discuss in'detail the difference, between the hot lime.
and convenXional lime softener. Relate the
theory Of softening to explatri the diffe-'
rences between the two types 9f softening.

4,17

r. 4



a.

,Page q of

Module No:

1I4OWS

Approx. Time:,,

Module. Title:
A

Advanced Chemical Precipitation SOfteninq

Subodul e Title:

Topic:

-
1 hour Evaluation

Objectives:

The participant shOuld be able to answer correctly 250 of-the 30 questions
asked4

S.

.InstrUctional Aids:

None

4.

Imstructiorial Approach:,
. .

Examination

References:
.

None

,

L
A.-.

Class Assignments:

None

1-8
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Page 16 of

Module No:

II4OWS

Topic:

Evaluation

Instructor Notes: structor Outline:

1 Distribute_exam. Each

participant is to complete
the exam independently

and with no books or notes
Collect after 1 hour.

t

19





1110 STAGE SOF IblING

1. FIRST STAGE \

A) PH SHOULD BE ADJUSTED TO-ABOVE 11.0 WITH LIME TO,OBTAIN
MAGNESIUrM REMOVAL. THIS PlICANHBE.'REDUCED.SOMEWRAT IF

*NOT TOTAL MAGNESIUM REMOVAL IS REQUIRED. .

2. -SECOND STAGE

A) PH OF THE SECOND'STAGE SHOULD APPROXIMATELY ID TO .

.OBTAIN OPTIMUM CALCIUM REMOVAL

B) IF.SODA ASH IS USED IT SHOULD BE ADDED JUST PRIOR TO.
THE SECOND-STAGE TO HELP REDUCE THE PHI,

C) RECARBONATION WITH CARBON DIOXIDE IS USUALLY REQUIRED
$

TO LOWER THE PH TO THE OPTIMUM. LEVEL.

6) REARBONATION OF'THE FINISHED WATERTO APPROXIMATELY
9.5 IS USUALLY REQUIRED TO PREVENT $GALE.BUILDUP ON.

-FILTERS. .THIS'FINAL PH IS DEPENDENT ON THE-WATER,
CHEMICAL AND PHYSICAL CHARACTERIST1CS,AND THEREFORE

.REQUIRES A CALCULATION OF THE FINAL PH FOR EACH PLANT
'TO ENSURE PROPERLY STABILIZEDMATER.

IP\

O

t.

'Immumm1RANSPARENCY :Ith6WS
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SPLIT TREA11iair S3981ING

FIRST STAGE

A) 'PH SHOULD tE.ADJUSTED TO
MAGNESIUM REMOVAL, THIS
OBTAIN 1HE DESIRED TOTAL

SECCNDSTAGE

A) PH OF THE SECOND STAGE SHOULD BE APPROXIMATELY 1030
OBTAIN OPTIMUM CALCIUM REMOVAL,
IF .$oro, ASH IS USED IT SHOULD BE ADDED JUST 'PRIOR
THE SECOND. STAGE TO HELP REDUCE THE PH,"
GENERALLY THE CARBON DIOXIDE AND BICARBONATE` IN THE SPLIT
FLOW, IS ADEQUATE TO LOWER, THE PH IN THE SECOND STAGE TO

ABOVE 11',0 WITH LIt4t' TO OBTAIN

PH CAN BE REDUCED SOMEWHAT TO
MAGNESIUM REMOVAL.

OBTAIN OPTIMUM CALF ,UM REMOVAL. .,

D) IF PR DROPS BELOW 10,0 ADD ADDITIONAL LIMIE-TO SECND STAGE

E)
TO OBTAIN THE DESIRED CALCald_REDUCTION. '

E) 'RECARBONATICN OF THE FINISHED.WATER'TO APPROXIMATELY 9.5
. IS USUALLY REQUIRED TO PREVENT SCAB BUILDUP ON THE FILTERS,
THIS FINAL PH IS DEPENDENTTNAIITHE WATER CHEMICAL AND PHYSICAL
CHARACTERISTICS AND THEREFORE REQUIRES' A CALCULATION CF,TVE

, .FINAL Pi FOR EACH PLANT TO PSURE PROPERLY'STApILIZED.WER,

^
2 n b TRANSPARENCY

. '



SPIKE STAGE SCHENING
. .

-

1; SINGLE' STAGE. A,
A) PH SHOULD BE ABOVE 10 T6 OBTAIN ACCEPTABLE PERFORMANCE OF

. . THE SOFTENER. IF MAGNESIUM REMOVALIS DESIRED,JHE PH
SHOULD BE ABOVE MO. 1,_. Hg OPTIIMUM OPERATION, THAT OPERATION
RESULTING IN THE'LEAST HARDNESS, WILL BE DIFFERENT FOR CH
PONT, RESULTING IN SOME EXPERIMENTATION TO DETERMINE T
PH IS optimAL.

.
.

B) ALL CHEMICAL FEEDS ARE ADDE6:JUST AT THE'HEAD OF THE UNIT.

C) RECARPIATION OF THE FIIIISHOIE,R TO.APPROAMATELY 9.5
IS USUALLY REQUIRED TO BUILDUP ON, HE FILlERS.
THIS FINAL PH IS DEPENDENT ON- ,EWTER, CHEMICAL AND PHYSICAL
CHARACTERISTICS AND THEREFORE EQUIRES A CALCMAT ON OF THE
FINALPH FOR EACH PLANT TO ENSURE PROPERLY STABIL ZED WATER.

1
, .

I

t

?

I

it
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4
LABORATORY ONTROL

PHYSICAL

1. TEMPERATURE

24 TURBIDITY o .

D r
B. CHEMICAL

1, ALKALINITY

2. TOTAL'AND CALCIUM HARDNESS

3. TOTAL DISSOLVED SOLIDS

4. PH

5. Sours CONCENTRATION (UPFLOW UNITS ONLY)

6. "CATALYST' ANALYSIS ('1SPIRACTOR" ONLY)

10

OM%

r

a
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SQUIORIlt1 EXPRESSION
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SOLL91 LIP' PRODUCT

+ mB-

EQUILBRIUM EXPRESSION

.(191q)M/(ARBM).(s) = KEO

SOLUBILITY :PRODUCT

(A)Fhl(B)M =AP

CALCIUM CARBONATE

CACN(S);=± EA+f + CO3 =

CP.,A+4.5(639-7.= KSP = Bf7 x 1Q-9

t`

MAGNSIUM,HYDROXIEE

MG(OH)1;=.1 Me+ +

(It)(01-1-)2 = KSP'=1.9 X 10-11

.;

I.

,,-

26 TRANSPARENCY I I
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CARBON DIOXIDE SYSTEJI

420 + CO2 --' 92CO3-5',-; .4+ + [100;=-1 fr +

[e][Hc

[RI-03

[E1+1 [ C0-1

= lit447 x 10-7

= 1.<2 = L1,63 x 19'E'
[ EiC037- s

*1,

II

0so

6

ze

? 7
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LIT .kALYSIS
p-

10,

.A nalysis of Lime
The most'widely used test for determining available lime is the

Rapid Sugar test, which is. specified by two important national or-
ganizations, the American Wafer Works Ass'n. and the American
Society for Testing and Materials :

AWWA Standard for Quicklime and 'Hydrated Lime (B 202.65)
ASTM Chemical Analysis of Lime (C 25-67)
Rapid Sugar Test, Dissolve 0.5 gram of#100 mesh sample of

lime .in 170 ml. of a 10 per -cent sugar solution, shake, and let stand
for SO to 60 minutes. Then citrate with 0.1782N HCI solution, using
phenolphthIlein indicator. 1 rhl. of this standard acid solution is
equivalent to 1% available CaO.
\ The autor and other Ohio communities use a ,modification of the
Rapid Sugar test in which N/I0 sulfuric acid is' used in place of HCl.
In this test the burette reading, after titration, multiplicl by 2.244
=per cent CaO.

Complete Chemical Analysis: The methods of the American Society
-for Testing and Materials, (C 25) are recommended.

Staking Rate Test. The slakirig rate of quicklime is a measure of its
reactivity, which is determined by a test method included in AWWA
B202.65 (adapted' fi-oM ASTM CI 10) The quicklime is slaked in 'a
vacuum reaction vessel fitted with a mechanical stirrer and therinom--

liveter, and the temperas e rise is recorded at.30- and 60-secOnd inter-
vals: The results are re ruvil as temperature rise in 3 minutes, total
temperature rise, and .tot 1 active slaking time.

Specifications for Lime
-Either quicklime or hydrated -lime of high Calcium con-tent can be

used for water treatment:Specifications for quicklime usually cal! for
90 per cent available CaO and for hydrated lime, 68 per cent available
CaO. Complete specifications for lime for water treatment can be
found in ASTM C 53 and AWWA B 202-65.

28
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OD

IS

4

OA, _ASH; Ae:IPLYSIS

O

AiOysis of Soda Ash,
Dissolve 2 grams of sample in 200 ml. cold, recently boiled dis-

tilled water. "citrate 50 ml. with N/2 sulfuric acid, using methylorange as indicator. Burette leading multiplied by 5.3=per centNa2C0s.

Specification for Soda Ash
.The soda ash shall be that known as 58 per cent soda ash, and shall

contain not less than 98 per cent sodium carbonate. 7-1)ematerial shallbe in a dry powdered form, shall contain nq large lumps or, large
crystals, and shall be free 6-om chips and other foreign matter. s,

. !may

.,v

.
;41.44

- *

. . ,

29
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4

OPTIMAL OPERATI('!

A
r CHEMICAL DOSAGE. -

r 'FOR GIVEN QUAC,ITY OF WATER ,

A) j;MAGNESIUM REMOVAL
B) IONCARBONATE HARDNESS

2, SLIT TREATMENT
A), I--OR FINISHED WATER QUALITY
B) FOR MINIMUM CHEMICAL COST

3, S. NG.E'STAGE -

FINISHED WATER QUALITY
MINIMUM HARDNESS
'IONCARBONATE HARDNESS

B. 9PE"TION
'IPEIR SOLIDS CONCENTRATION

A) FINISHED WATER QUALITY
B) FOR BEST-OPERATION

2. TURBINE OR FLOCCULATOR SPEED
A? VROPER SOLIDS CONCENTRATION
3/ VARYING WATER QUALITY

0.

30 TRANSPARENCY .1.!194.S
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SOFOING SLUDGE CHVACTERISTICS

oNIMARILY CACO3 ANDPG(OH)2

DIFiY SOLIDS ARE 35-95% CAC03

SETTLED SOLIDS RANGE 2 TO 15%

SOLIDS PRODUCTION AVERAGES 2.6 LB/LB OF LIME,APPLIED

Car DEwAtERs VARYN/I)RBLY., 1-04EVER, AS THE 7,

OF MG(OH)7 INCREASES, DEWATERING BECOMES MORE

DIFFICULT,

.

0

IRMISPARENCY HIP'S 1
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=7. SOLIDS DISPOSAL

STORAGE PRIOR TO PROCESSING

SEDIMENTATION BASINS
SEPARATE HOLDING TANKS
Ii_OCCULATOR-CLARIFIER BASIN

THICKENING PRIOR TO DEWATERING

GRAVITY SETTLING

CHEMICAL CONDITIONING PRIOR TO DEWATERING.'

. POLYMER:APPLICATION

MECHANICAL.DEWATERING

cENTRI5OGATION
PRESSURE FILTRATION,
_VACUUM FILTRATION

AIR DRYING

i}{SI-tALLOW

LAGOONS
AND DRYING BEDS

DISPOSAL OF DEWATERED SOLIDS

N I TARY LANDFILL
OARG I NG TO 'SEA

CHEMICAL RECOVERY

RECALCINATION'OF LIME PRECIPITATES
e

es+

TRANSPARENCY
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METER

. POT LTE SOFTER

BACKWASH
RETURN

1

ION EiCHAN:OTER ":"

SOX.'
DISSOLVER DILUTION

)
WATER

ICP\_ I.

LIME FEED

SLUDGE
RECIRCULATION

SLUDGE
BLOW DOWN

1

BOOSTER PUMP

33
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CLASS PROBLEM I "-

, i .. . ,-
.

,

I. At a pH of 7, what is pe dominant form of alkalinity in a natural
i.- water? What are the Orcentages of the other formsof aik'ajinity.

41.1,

2. At What pH will the magnesium hardne'ss be beloW 10 mg/1?

3. If the carbonate concentration 'is 40 mg/1, what will the calcium
concentration be?' ? .

1
4. If the bicarbonate concentration is 200 mg/1 and the pH is 74?

whafwill be the carbon diogide concentration?"

O

r'

4
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Handout forII4AGWS - Advanced Chemical Precipitatidn Softening

f. Introduction
A. Operation of Two Stage Softening Plant
B. Operation of.Split Treatment' Softening Plant
C., Operation of Single Stage Softening,Plant
D., Laboratory Control for Chemical Softening"Plant

II,, ;Ivory of Chemical Precipitation Softening.
A. Equilibrium Equation

AnBm--7'n A+ + m B

. Equilibrium Expression

e (A)n (B)m/tAnBm) = Keq

-B. Solubility Prodbct

AnBm,---?- nit 4 m B

Equilibrium Expression

(A)n (B)m/(AnBm)(s) = Keq

Solubility,Product

(A)n (B)m = Ksp-.

Calcium Carbonate

CaCCys)--,=-----" Ca++ + CO3.

[co3=J = Ksp =8.7-x10-9

Magnesium Hydroxidg

Mg(01-)2-zt Mg4..-1- 2(OH-)

2

[Mg] = Ksp = *2 x 10-11

/ c ati

S

3'

3
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C. Carbon-Dioxide Syste

H2O + CO2
2 2

CO
3

+
-+,HCO H

+
+ CO

reibe03j
7

K
1
= 4.47 x 10

_,..e1H2CO3]

[Ht] 1-03.)
K = 4.68 x 10

[HCO3-] 2

-5
0

7

8

9

A
IIA im°-1P.Ae.

-1
II IlrirrI Ili

ic°3-A1111111
41,-- Ill1

1H+1,,

-5- 6 7 8 9
pH

10 12
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.III. Interpretation andApplication of Laboratory Date/
Limelhalysis
The most widely_used test for determining available liTp is the Rapid
gugar test, which is Specified by two important national organizations,
The American- Water Works Ass'n. ,and the American Society for Testing*
and Materials:

'AWWA Standard for Quicklime and Hydrated Lime-(B 222-65
)

AST Chemitaiknalysis of Lime (C 25-67)

R id Sugar Test: Dissolve 0.5 grams of #100 mesh sample of lime.in
170 mr. of a 10 per cent sugar solution, shake, and let stand for 30 to
60 minutes. Then titrate with 0,1782N HC1 solution, using phenolphthalejn
indicator..A ml.. of this standard acid solution is equivalent to 1% '
available CaO. .

. u/
The_ author and other Ohio communities use a modification of the Rapid
Sugar test in, which N/10v1furic acid is used in place of HC1. In this
test the burette reading, after titration, multiplied by 2.244 = per cent
CaO.

38:



Complete Chemical Analysis. The methods ofthe Amerf--can;Society.
for Testing and Materials (C 25)-are recommended.

* Slaking-Rate Test. The slaking rate of quicklime is a measure of ,

its reactivity;- is determined by a test method included in:
AWWA 8202-65 (adapted from ASTM C110). The quicklime is slaked,in
a vacuum reaction vessel fitted with a mechanical Stirrer and thermo-
meter, and the temperature rise is recorded at 30- and 60-second inter-
vals. The results are reported as temperature rise in 3.minutes,
total temperature rise, and total active slaking time.

Specifications for lime"

'Either quicklime or hydrated lime of high cdicium content can bet.
used for water treatment. Specifications for quicklime usually
call for 90 per cent available Ca0 and for hydrated lime,18 p&cent

-"available CaO. COMplete specifications for lime for watertreat,
ment can bR found in ASTM C 53 and AWWA B 202-65. ti

,6. Soda AOB. Analysis , . 1t
7

Dissolve 2 grams of sample in 200 ml. cold, recently boiled distilled
water. Titrate 50 ml. With N/2 sulfuric acid, using methyl orange as
indicator. . Burette reading multiplied gy-5.3 = per cent Na2CO3.

Specifications for Soda Ash

The soda ash shpll be that known as 58.per cent.soda ash, and shall
contain, not less than 98 per cent sods m carbonate. The material
shall be in a dry powdered form, shall ntain no large lumpS or
large crystals, and shall be free from ch...Ri and other foreign matter.

,
. .

C. Optimal Operation
1. Chemical Dosage

' a. For Given Quality of Water
b. Split Treatment
c. Single Stage

2. Operation
a. Proper solids concentration
b: Turbine or flocculator speed

0

ri

IV. Sludge Disposal
-.-...

A. Storage prior to processing .

1. Sedimentation baSins ,.----z.
. .

Separate holding. tanks, ',

Flocculator- clarifier basins
Thickening prior to dewatering.

Gravity settling
Chemical conditioning prior to-dewatering

Polymer application
Mechanical dewatering

4 Centrifugation
' t

. Pressure filtration
*.Vacuum filtration

)

Air drying'
.

Shallow lagoons
.

Sand drying beds 39
.
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4. Disposal of dewkered soll6
Sariitary landfill

_ Barging to sea
. Cllemical recovery

Recalcination of lime precipitates

V.. Atpec)al Applihtiou
A. Hot Lime

_
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Examination for II4AGWS - Advanced Chemical Precipitation Softening

1. For the -followi ng watet, what will be the lime and soda dosages to
soften the water using the Caldwell - Lawrence Diagram. Assume a final
hardness of 50 mg/.1 as CaCO3.

CO2 = 8.8 mg/1 Alk = 115 mg/1 as CaCO3

Ca++ = 70 mg/1 pH = 7.4 .

Mg = 9.7 mg/1

4 2. For problem #1 what will be the final water quality?

3. For problem #1 what pH should a single stage softener operate+at.
,A-

4. For. problem #1 what will be the final saturation pH.

- 5. For prbOem #1 what pH should the water go into the distribution system
at

6. If lime costs $34.00/ton, soda ash $5.00/100 lb. and carbon dioxide
$3.25/lb., what will be the cost to treat 1 million gallonT.of water
in problem #1.

TRUE OR FALSE.' CIRCLE THE CORRECT ANSWER th

T or F 7. A pH of 10.5 is adequate to precipitate magnesium in
chemical softening.

T or F 8. For all water qualities, single stage softening will
produce the same quality of water as two stage softening.

I or F 9. Solubility product is the base fOr chemical precipitation
softening.

T or F 10. Calcium carbonate precipitates when the solubility product
for calcium carbonate is violated.

T or F 11. The advantage of the "Spiractor" is that it produces a slud0-
that dewaters rapidly.

T or F 12. Softening sludge that contains a :low percentage bf magnesium
hydroxide is more difficult to dewater than one with a higher

Percentage'of-magnesium hydroxide.

T or F 13. Hot lime .softening results in a lower_hardness, than cold lime,
softening..

42
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T or F 14. The most common method of dewatering lime sludge is centri-
fuges.

T

T

or

or

F

F

M.

16.

The most widely used test for determining available sodium
carbonate is, the Rapid Sugar testc.,

Commercial lime is normally 98% available CaO.-
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